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Abstract

During the tast 40 years big amounts of wastes arising from past experiments have been generated
at JRC Ispra. These wastes are now stored on site in unconditioned form and must be characterised and
re-conditioned to ensure their acceptance by future repositories.

Among the several types of wastes produced, spent fuel has a great importance in JRC waste
management. In fact, there are more than ten tons of irradiated material, varying widely from commetcial to
expetimental fuel elements or pins, in form of oxides and metal fuel, with very different geometry, dry and
wet stored. The biggest part of it can be considered as “unirradiated”, according to the |AEA regulations
(87-1, 1998), while a relatively small amount {nearly 720 kg U totat) are to be considered as irradiated and
freated accordingly.

Siudies on the most suitable solutions for medium/long temn storage for such irradiated
experimental fuel are being performed, taking into account two main options: containerisation of the nuclear
maferial, as it is, in suitable casks or reprocessing.

The technical aspects of the project for containerisation are here discussed.

KEYWORDS: liabilities, wastes, waste management, spent fuel, irradiated fuel, containerisation, cask,
reprocessing, fuel handling.

1. Historical and fuiure liabilities and status of nuclear installations at JRC ISPRA

The nuclear related liabilities of the European Commission, coming from its nuclear installations at
the Joint Research Cenires, can be divided in two groups:

HISTORICAL LIABILITIES, resulting from past activities intended to help develop a competitive
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European nuclear indusiry. They include providing appropriate waste management faciliies and services,
the decommissioning of shutdown nuclear installations and the management of existing and
decommissioning-related wastes. Most of historical liabilities are related to the JRC ispra site.

FUTURE LIABILITIES, covering the decommissioning of nuclear installations stilf used for research
purpeses and managing the asscciated wastes arising.

The management of its nuclear installations, as envisaged by Article 8 of the Euratom Treaty
{1957), renders the Commission respensible of a facility throughout its fife until it is de-licensed. Therefore,
in keeping with applicable national and European legislation, the JRC is required to decommission its
shutdown nuclear installations and manage the associated radioactive wastes. For this reason the
European Commission has developed a Decommissioning & Waste Management (D&WM) Program, which
foresees the progressive elimination of its historical liabilities throughout the next iwo decades.

The JRC’s D&WM long term action plan has been elaborated in co-operation with a group of
external experts and is divided into three parts:

1. Management of wastes resulting from JRC activities since 1960 (Historical liabilities).
This phase also includes a number of generic activities;
+  the safe conservation of shutdown {and cbsaolete) instafiations;

+ removai of nuclear and special materials, which could delay the start of the decommissioning,
from facilities;

+ investments in appropriate waste management facilities and services;

+ managing {manipulation, decontamination, treaiment, containerisation and siorage) of
existing solid and liquid wastes and clearing old waste stores;

2. Decommissioning of shutdown facilities, such as reactors and laboratories
3. Evaluation of resources necessary for future dismantling of nuclear facilities stif in operation.

The list of nuclear installations to be decommissioned includes:

4 Safe Conservation shutdown installations: ESSOR nuclear reactor, Isprat reactor, Hot
taboratory for R&D.

+ installations planned for out-of-service in few years: STRRL, Radiochemical Laboratory, Dry
Storage facility for spent fuet (dry pits).

4 Installations, which will come to the end of their operational fife: Cyclotron, FARO facility.

¢ Other facifities, which will become obsolete during the progress of the decommissioning
general progrant: Storage and treatment areas.

2. Inventory of JRC ISPRA experimental irradiated fuel

During four decades of research at the JRC ispra site, a variety of irradiated nuclear material, which
no longer serve current scientific and technological activities, has been accumulated, The overall inventory
of the experimental irradiated fuel, summarised in Table 1, consisis on assemblies, individual rods,
fragments of rods and test tigs, typically fabricated from natural uranium or low enriched uranium, irradiated
at several bum-ups in ESS0R and ISPRAT reactors as well as in other European power reactors. The
material is stored in several on-site locations:
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Table 1
Trradiated fuel i& Location N Physlcal form [ N. | Elementary | Freshfual | Burn-up Year of Total amaunt per 3} u Pu
Gontalner of fuel ltems | Dimensions | Enrtchment | (MWd'kg) | discharge |  Irvadisted fuel iD tatal | 235 | total
L{mm) x %) kgt | (@) | =)
D{mm)
CAAT Pond 2 los! rigs fuel pundles [ 500x 150 jUQCZ - natural| 0-3.7 1983 124.00| 396
DEMAG
ADECO dry pit |3 baskel{1}; | [uel bundlas 5 500 x 150 1UQZ- natural| 0-3.7 1983 95.46| 305
8.1-ML4 1 B4)
ADECG ch.a aig. |1 Chateau el 1430 | 500x150 |UO2- ratural| 0-3.7 18983 57.168] 183
giguill. bundle/rods
BI438 dry pits Spots & [ its)| 201 S00x 150 |UCZ-natural| 0-37 1983 232.80] 744
B/2,C/2,C1 BI3  |aiguilles
CART 509.42] 1628| 128
s B
GIOCONDA Pond 4 DEMAG tagt figs 4 150x 15  |UQ2Z -nalural [ 4,75-5,6 1978-1982 Q.51 1
COLIBAI Pond na container capsules 4 208x196 | UO2-105/ 26 1975 0.01 2
a3
SURERSARA ADECO 4301 CS5C2-B4a6 rods 60 2071 x9,5 uoz-32/¢ 1} 1983 54.44| 2526
64
Exotic material 64.96| 2524
TR V Pond 1 Baskel rods 12 3224 x 10 UQ2 -39 28.7 1973 17.56] 316
Bid39 dry pil C/2,|1 pot 4 rods{fragments}| 4 Az20 x 10 Uoz2-39 28B.7 1973 5.85 81
o siguilles. 1
basket
ADECOdrypit [1F rods(lragmentst na. | 3220% 10 Y02 -3.9 28.7 1973 0.05 1
M3
TRING 23.46] 398| 208
VERCELLESE
DRRIGHEIN Pord 1 Baskel rods € [2916x10,75| UuQ2-3.2 324 1974 881 74
ADECC drypit 11 C(2)1 sods{fragmenls)] 10 [ 2916x 10,75 | UO2-3.2 324 1974 612 5%
N.2-N.4-NE D{2),1
Bl
baskel(5)
Bld38 dry pit 0/2 [ 1 pat & rods(fragmentsy| 6 231610757 U02-32 32.4 1974 7.61 67
aiguillos
OBARIGHE 22.54] 192 180
WUERG RS SEM Ponid 1 baskel rods 9 4140 x 14751 UO2-1,1/ 23.6 1979 34,111 181
25
ADECO dry pit |1 GI2ht fodsipellels | B | 4140x 1495 | UGE- 1.7 236 1979 20| 18
N.2-N.4-H.5 Bi4).1 E{4}.1 25
basket(5]
WUERGASSEN 56.81| 299 435
GUNDREMMINGEN|ADECO dry pit  |390XM(4);  frods{lragments)| 5 | 3555x 1428 | UO2-255 |17 - 228 1974 16.45| 148!
NA4-NA 3GAXMA)
BId35 dry pit ez |1 pota rods(iragmenis); & | 9555 % 14,28 | UG2-2.55 |17 - 225 1974 t4.49] 125
aiguifies
GUNDREMMINGEN | 30.65| 273| 215
GARIGLLANG ADECO dry pil  {A rods{fragmeras)| 4 | 2718x 1508 § UG2- 1,773 27 1975 &.16| 11z
N3
Bid39 dry pit C/2 |1 pol a rodsgragments)| 4 | 2718 x 15,06 | UO2- 1,779 27 1975 840 114
aiguilles
GARIGLIAND 12.56| 226 42
CIfes sxpertenis
DICDM G2 Bld38 dry pit C/2 |1 pot 3 rods na. | 257 x40 ugz- na. 1975 0.051 12
aiguilles MoRi02-w
alloy- 21.55
RIC FPRIES-04 Bid38 dry pit C/2 {1 pot & reds{fragments}| n.a. na. uoz.9 n.a. 1975 0.05 5
aiguilles
RIG FPRO2-05-06  |Bid39 dry pit G/2 (1 pola rods{fragments}| n.a. n.a. uocz-gs n.a. 1975 Q.08 7
aiguilles )
Qlher pxperiments ad1g 24 9
TOTAL AMOUNT 710.57 | 5569 1186,

¢ The pond in ADECO ({(Atelier pour i& Démantélement des Elements de Combustibie)
laboratory

+  The dry pits in the ADECC working cell

+ The dry pits in an underground storage area
¢+  Storage areas in ESSOR reactor building.

Table 1 contains, among cthers, some complementary information, as foliows:
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® Overall dimensions: refer fo the total length and maximum diameter of each container,
element or other forms of the irradiated fuel;

¢  Elementary dimensions: refer to the dimensions of the single items (rod, assembly);

+  Comtainer quaniity. is the number of containers of a certain type;

. Element ID: refer to the fuel type contained in the packages presently stored at JRC Ispra;

* Location: refer to the present focation of the irradiated fuel in the storage areas at JRC Ispra;

& Information ori fuel type, burn-up and amounts of material (element and isctopes).

3. Options for the recovery and safe storage of JRC ISPRA experimental irradiated
fuel

The JRC Ispra, in the frame of activities related to Chapter 1, has outfined, as a project with very
high priority, the recovery and safe storage of its experimental irradiated fuel. While the rapid transfer from
site of such material is the most desirable outcome for the JRC Ispra, discussions with the nuclear industry
reprasentatives indicate that iwo different alternatives are possible:

3.1. Contalinerisation of the material in suitable casks

The cortainerisafion, using ad-hoc dual purpose transport/storage casks, will be performed in a
manner suitable for the material’s on-site storage, effectively as conditioned waste in the future interim
store, and for its eventual transfer to and storage in the surface based repository. The planned Itaflan
nuciear waste repository will include a section for safe (temporary) storage of irradiated fuel, in casks orina
conditioned form.

The main envisaged advaniages of this solution are:
+  Containerisation is “relatively easy” from the engineering point of view;

+ Overall costs do not include the reprocessing costs and any eventual additional costs
induced by reprocessing (transport, temporary storage at reprocessor premises);

¢  Feasibility studies already done, so that the time schedule for this solution is shorter than for
reprocessing;

+  Thisis in line with a growing number of countries that no longer reprocess spent fuel.

The main disadvantage of this solution is assumed to be the relatively big volume occupied by
casks and, consequently, the room required to store them in the interim store and in the final repository.
Assuming that the repository costs are rapidly increasing with volumes of wastes stored, further
investigations on the basis of a cost-benefit analysis are necessary.

3.2. Reprocessing
The main envisaged advantages coming from reprocessing are:
¢ Wastes already conditioned and ready for transfer to the interim store and/or repository;
+ Reduced volumes of wastes, if compared with containerisation.

Among the principal disadvantages, it can be mentioned that costs of reprocessing itself and
transport of the fuel may be very high given the material’s diversity and, from a reprocessing plant
viewpoint, {imited quantity. Also the variable quality of the fuel to be reprocessed piays a negative role.

.
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From first contacts with reprocessing companies, also fual characterisation, general handling
activities and preparation of the material for its shipment to the reprocessing plant is a major preblem.

The JRC [spra is currently assessing the feasibllity of the containerisation of its spent fuel in casks
suitable for locating as Categery 3 waste in the interim store, and, in the long-term, for the transport to and
storage in ltaly's repository.

Netwithstanding this assessment, JRC Ispra has not excluded the possibility of reprocessing the
irradiated fuet if it can be technically and economically justified. With respect to this, JRC Ispra has
Jaunched a project for the reprecessing of its spent fuel and confacis with two worid-leading European
comgpanies have been taken 1o carry out such a project.

4. The Project of Spent Fuel containerisation in casks

This project, entailing the containerisation of the inventory listed in Table 1, has been developed in
two phasaes:

ay The first phase is a contract covering a feasibility study, whose scope is the collection of the
relevant data to allow the JRC Ispra to finalise the whole project plan and prepare the call for
tender technical specifications for the design, realisation and provision of the dual purpose
storage-transport cask and its loading with the irradiated nuclear material.

b} The second {and principal} phase is a two-stage contract, which will entail the execution of
the technical specifications.

Some peripheral activities have stk to be performed before the execution of the principal contract:

¢  Assimilate the irradiated fuel's existing life-records and characterise the irradiated fue! in
accordance with the Italian regulation;

¢+  Transfer, as an intermediate step, the irradiated fuel assemblies presently stored in the dry
pits in the underground storage area to the ADECO hot cells. This project must be completed
well in advance of the scheduled loading of the casks with the irradiated fuel,

+ Remove the NaK coolant, in which high burn-up fuel peliets are still immersed, from the four
Gicconda rigs.

Stage a. has heen already accomplished and finalised by means of the execution of the relevant
studies mainly focusing on:

+ Fuel handling;
+ Choice of casks and inner disposition: of the spent fuel.

Handling and packaging constraints, reguired resources, new equipment, minimisation of radiation
doses to the personnel, costs and timing have been considered as major variables.

The outcome of phase a., which will be briefly discussed hereafter, is an operational solution to be
considered as a mandatory input for stage b.

4.1. Fuel handling consirainis

The fuel handling constraints to face with are the existing buildings, the civil structures and the
operational equipment. With the aim to keep costs as low as possible, no modifications to the existing
buildings and structures are envisaged, while the upgrading of the existing equipment and ils
implementation with new one are expected.
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There are basically two available rooms for fuel handling, manipulation and preparation:
+ ESSOR storage pond;
+  ADECG laboratory, including the working hot cell and the auxiliary celf;
+  Dyypits in underground store
4.1.1. ESS0OR storage pond

The pond has two communicating sections: one where the fuel is stored and another cne available
for handling operations.

A two-tackle crane with capacity of 40 Mg and 6 Mg respectively is available. A bridge is also
available for operators to manipulate nuclear fuel with specific tools. The area is accessitle by truck.

A rotating arm is situated underwater between the pond and the working cell. With ifs assistance,
single fuel rods and test rigs can be transferred from the pond to cell, where the fuel will be handled and
introduced into the cask using suitable equipment.

4.1.2. ADECO Cells

The working ceil is connected to the ESSOR storage pond and includes a 2 Mg capacity crane,
used for iransportation procedures inside the ceill, and between this and the auxiliary cell at lower level. The
maximum height of the hook is 5320 mm. Other equipment available are a manipulator “SERI2300” with
maximum capacity of 300 kg in all positions and two manipulators CRL mod: "F” for each window, with
capacity of 10 kg each, casrying a hanging load up to 40 kg. The working cel is aisc equipped with an
existing opening (diameter 645 mm), previously suitable to receive a TN7-type cask and is connected by a
veriical passage to the lower auxiliary cefi, equipped with a crane of 1000 kg capacity {maximum height of
hook is 2440¢ mm) and manipulators.

The ADECO laboratory, in which the two cells are located, is equipped with a ventilation system,
which will be utilised to dry the fuel assemblies, rigs and rods coming from the pond.

Both celis are in communication with a rear room, which is quite large and equipped with a 20 Mg
crane. The adjacent room is accessible by truck and is included in the operating area of the crane.

4.1.3. Dry pits in underground storage area

This is a dry pit storage area coniaining special fissile material and iradiated fuel in sealed
canisters, called “pot & aiguilles”. Each pit is covered with a steel plug, whose cavity is filled with concrete
ensuring the necessary shielding. The irradiated {fuel confined in special lead canisters, called “pot &
aiguilles”. These are equipped with a clamping head and are centred in the wells by means of positioning
baskets.

The area is equipped with a 30 Mg bridge crane foreseen to lift the plugs and the auxiliary
equipment, called “chateau a aiguilles”, especially designed to accommodate and transport one pot &
aiguiltes.

4.2. Packaging constraints

The experimental irradiated fuel shalt be retrieved from the present storage places and loaded into
dual purpose casks considering the following constraints:

¢  Since the hot cells are presently in clean condition {very low radioactive contamination), it is
considered to handle the irradiated fuei stored in the dry pits without damaging its
containment barrier. This will avoid the spread of contamination that would require a heavy
work for subsequent decontamination of the cells and ather handling equipment. This means
also that the irradiated fuel packages, containing the fuel in different {orms even bulk, will be
handled as they are found in the storage places and no opening of the container is
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envisaged. If they are stored in dry condition, they must be drying transferred to the cask-
loading place, because their containment is not fight guaranteed.

+ The so-called "pot & aiguilles, stered within the dry pits in the underground store, could
require to be opened, in order to check for the presence of ground water. After interal
inspection, they will be closed again without any intervention on their content. This operation
shali be performed in the working cell that will be properiy equipped according to the needs.

+  The transfer of the irradiated fuel, presently stored in the pond, to the working cel shall take
into account the maximum allowed diameter, according to the dimension of the connection
between the cell and the pond. This means that the baskets hoiding the fue! rods in the
storage place of the pond do not comply with and the fuel rods must be individually
transferred to the working celt.

¢ The irradiated fuel rods, presenily stored in the pond, shall be preferably loaded into the cask
avoiding their cutting in short pieces. This will prevent from heavy radioactive contamination
of the cells, implying a time consuming decontamination of structures and equipment and the
production of additional radioactive waste that must be treated and disposed of. However,
cutting operation to reduce pin length has been considered as second priority option,

+  The irradiated active portion of the test rigs is much shorter than the overall length of the rig
itself. In such case the cutting of that porticn is foreseen, in order to save room inside the
cask. It is expected that only small amounts of additional radwastes will be generated, ¥ the
cutting is beyond the active part of the rig.

+  The dual-purpose cask shafl have a fotal weight, when loaded with the irradiated fuel,
complying with handling equipment capacity of lepra site, as indicated before,

+  The cask geometry shall fit the actua! configuration of the building structures, in order to limit
at the minimum extent the impact to the civil work of lspra site.

¢ The cask shall be provided with internal baskets, sc that the irradiated fuel will be firmly held
in the correct position during every step of its handling, interim storage, transportation and
eventual storage of the cask at the final repository.

4.3. Fuel handling

Among the various possible processes for the safe handling of the experimental irradiated fuel and
its packaging and loading into a cask, the dry re-leading inside the working cell has been retained as the
most suitable solution. The constraints listed in par. 4.1 and 4.2, limitations on personnel exposure to
radiation and overall costs played & decisive role on this choice.

Other possible solutians, ke wet reloading in the pond or dry releading outside the cell, have been
rejecied because of high costs, mainly due to the purchase of new additional and expensive equipment
{flasks, shields, etc.), high doses to the personnel and, in some instances, handling procedures not
compatible with the existing site characteristics.

The chosen solution starts from the basic assumgtion that the fuel, which has to be adequately
prepared for its loading and accommodation into the dual purpose casks, must be transferred from its
current location to the working cell, as a mandatory step for all handling activities to be performed.
This is due to the fact that only this cell has suitable licence, dimensions and equipment to operate, as it
was already done in the past, on spent fuel,

4.3.1. Fus! handiing procedures

4.3.1.1. Loading position of the casks

The loading position of the cask, situated beside the working celi in correspendence of the existing
opening, will be reached with the assistance of the 20 Mg crane. The casks wilt be coupled to the existing
hatch foreseen for material entrance, 645 mm usefui diameter, by means of the existing equipment.
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4.3.1.2. Transport vehicle access

The transport vehicle, carrying the empty cask, wili enter the ADECO lab and will reach the zone of
operation of the bridge crane. The cask is fifted by the crane and horizontally positioned on the floor, at
level +2,70 m, with the top apening close to the round shaped opening of the cell. This opening has an
external removable protection and can be internally unlocked by means of the handling equipment already
installed inside the cell.

4.3.7.3. Irradiated fuel retrieval

Pond

The irradiaied fuel, wet stored in the pond, has three configurations:

+ Fuel rods stored in baskets;

+ Fuel elements in test rig.

) Experimental fuel elements, PWR type, in aluminium containers.

The fuel rods (PWR, BWR type) are placed in baskets. By means of the cantilever crane the single
fusl rods will be extracted from the basket and one at a time brought to the rotating arm for their transfer
into the cell. Here they will be handled with the assistance of the manipuiators and the crane and re-packed
in a new basket, whose dimensions shall be optimised to properly fit the cask together with the other fuel
containers.

The test rigs (GIOCONDA, COLIBRI and CART) will be transferred into the cell by means of
operational equipment.

As the total length of the rigs does not allow their loading inte the casks, ;they must be cut in order
to reduce their length. This is possible because the section containing fissile matetial is only a small portion
of the total length of the rig. The cutting of test rigs has also the additionat effect to save load capacity in the
cask.

The cutting of test rigs can be done either in the pond or in the cell. From a radiclogical protection
noint of view the second solution is considered the most desirable.
In the cell it is foreseen the proper re-packaging of the active section in suitable container, which will be
loaded into the cask.

The SUPER SARA fuel elements ara stored in aluminium containers. Because of their low contact
dose rate (40 microSv/h}, they can be handled withaut additional shielding and transferred to the working
cel! through the auxiliary cell.

Containers in dry pits of the working cell

Aluminium containers with several types of fuel rads are located in the dry piis inside the cell. With
the assistance of the manipulators the containers will be gripped, removed from the pit and then loaded
directly into the intermnal basket of the cask by means of the crane in the cell.

Pot & aiguilies in dry pits

Regarding the so-called “pot & aiguilles” presently stored in the underground storage area, a
transfer campaign is planned in order to move them to the ADECO lab. The transfer will utilise the “chateau
A aiguifes” carried by truck, whose access to the ADECO lab is in agreement with the existing procedure.
Here the containers will be stored in an ad hoc deposit rack by means of the hoist gear of the chateau a
aiguilles.

Later on, the pot & aiguilles, in the number to be loaded in the cask, will be transferred to the
working cell through the available opening.
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4.4. Dual purpose cask selection critaria

Based on the above consideraticns, the choice of the dual purpose cask will be affected by the
actual length of the iongest fuel rods, whilst the remaining irradiated fuel shall be packaged or arranged in
the proper way to fit the cask internal cavity geometry, utilising the available room at the maximum extent.
The characteristics of commercially availahle casks have besn investigated to find those ones better
complying with the above constraints.

Smali size casks, as those used for irradiated MTR fuel, have been considered, since they comply
with handiing capacity of Ispra site facilities. Neveriheless, they present the following disadvantages:

+  The cavity height does not allow the Ioading of irradiated fuel rods stored in the pond, which
should have been cut in short pieces thus generating significant amounts of secondary
radwastes and requiring an additional packagirg of the cut fuel rods;

+  The cask opening size does not allow the loading from the lateral opening of the working cell.
They should have been loaded in another room, using additional heavy shielding equipment
in order to overcome the potential for significant doses to personnel during the transfer
operation.

From this scenario it appears that the MTR type cask is not the suitable solution for the Ispra fuet.

Bigger casks, as those generally used for LWR irradiated fuel, wilt atlow the fuel rod loading without
any cut operation and, moreover, present the advantage to have already undertaken a license process for
dual purpose application in other countries. In this particular case they cannot be used since:

+  They require handling equipment capacities not available at Ispra site;

+  Acomplete cask re-design would be required in order to reduce its size (and weight), thus the
advantage to have already a dual-purpose cask license in other countries is wasted.

The result of the investigation leads to conclude that, at present, none of standard design casks
available from the market is fully complying with the requirements deriving from handling and packaging
constraints of the irradiated fuel of JRC Ispra.

A dual purpose cask, small diameter and quite long, is the envisaged solution provided that ifs
maximum weight is not far exceeding the bridge crane capacity and/or the crane design has enough margin
to allow the crane upgrading according to the new demand.

It should be considared that, from the licensing point of view, a duai-purpose cask has fo mest both
the reguirements of storage and transport cask:

As a fransport cask, it should have a transport license, based on fuel characteristics and
arrangement, to allow the shipment of the irradiated fuel from one site to another one.

As a sforage cask, it has to undertake a license process, which is targeted on safe monitored
conditions.

4.4.1. Cask internal baskets

The envisaged cask is provided with an internal basket (cask basket), whose geometry fits the
irradiated-fuel container or assembly to be packaged.

In principle, the cask basket is composed of a number of straight pipes, one aside and paraliel to
the other, whose dimensions have been defined on the base of the following rationale:

+ length: it depends on the length of the fuel assembly or container 1o be housed.

¢  diameter of each basket: it depends on the outer cross dimension of the irradiated fuel
containers or assembly where the fuel was packaged.
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+ symmetrical arrangement and sfandardisation of the pipe diameters and lengths, in order to
simplify the manufacturing and the eventual criticality evaiuation of the fuel arrangement
inside the cask.

A particuiar solution is adopted for the fuel rods, which have to be individually transferred to the cell
4411, where they are loaded first intc new baskets, similar to those ones of the storage pond but with
smaller diameter.

The new irradiated fuel baskets are then loaded into an individual pipe of the cask basket, whilst
other containers or assembiies those are shorter than the fuel rods, even if of different content, may be
loaded inside the same pipe, depending on their ouier diameter.

Based on this, the irradiated fuel inventory has been grouped and arranged as shown in Figure 1
and Figure 2 and for this two dual-purpose casks are expected to be required.

4.5. Irradiated fuel arrangement inside the cask

Based on the irradiated fual inventory of Table 1 and relying on the reference scenario of handling,
the arrangement inside the cask is performed in the way indicated in the following paragraphs.

4.5.1. Cask N.1

The cask will be positioned as described at par. 4.3.1 and a three-section cask basket is foreseen
o be packaged inside the working cell and eventually ioaded into the cask itself.

The lower secticn of the basket is a frame with supporting plates, guide piates and two guide pipes

Cask # { intermediata baskat section

Cask # 1 upper basket section

Figure 1

g pare -
N S b

Cask # 1 lower basket section Cask#2

Figure 2
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naving the function of keeping in the proper configuration the irradiated fuet containers.

The intermediate basket section is similar to the lower one, but the two guide pipes are not required
because this section is dedicated to three pot & aiguilles only. it will be loaded, as described above for the
lower basket section, with three pot & aiguilles and then it will be removed and positioned on the tilting
stand to be bolted to the top of the lower basket section.

The upper basket section is a frame with supporting plates and a number of short guide pipes,
which can be loaded as described above for the first section. This basket section is positioned and bolted
on the top at the intermediate one, the tilting stand is tilted to the horizontal position. Then, the three-section
basket is introduced into the cask; the horizontal sliding of the assembly is aided providing each basket
section with a number of peripheral rollers.

4.5.2. Cask N.2

The cask, positioned as described at par.4.3.1, will be eguipped with an internal basket, mainly
constituted by longitudinal guide pipes, and cross support piates. The irradiated fuel will be loaded into the
basket, laid on the tilting stand in horizontal position, by means of the mechanical harms of the cell.

The introduction of this basket into the cask is identical to the Cask 1 basket.

5. Cost estimation and time schedule

The cost estimation of all activities conceming engineering, ficensing, supply fabrication and test of
fuel casks for the reference solution is here indicated:

ACTIVITY ESTIMATED COST (k€}

Project Management 250
Cask design and licensing 1300
Supply of two casks : 2300
Total costs 3850

This cost estimation does not inciude the handling of casks at site and the infrastructure cost for
their storage at Ispra site.

The total duration of the project is expected to be about 3 years (more precisely 35 months),
suppasing that the national Authority shall approve the licensing documentation and give permission to
construction six months after the delivery of the relevant documentation.

The cost estimation of new equipment to be supplied is as follows:

ACTIVITY ESTIMATED COST (k€)
Praject Management 350
Pesign and licensing 550
Supply of equipment 660
Total costs 1560

The total duration of the project is expected to be about 28 months,



